A general source of dialkoxycarbenes: 2,2-dialkoxy-5,5-dimethyl-∆ 3 -1,3,4-oxadiazolines have been successfully employed as the coupling partners in CuI-catalyzed cross-coupling reactions with terminal alkynes, which afforded various unsymmetrical propargylic acetals in good yields.
Introduction

10
Transition-metal-catalyzed coupling reactions are now serving as one of the most powerful tools in organic synthesis. 1 Through the gradual expansion of available nucleophilic and electrophilic coupling partners, various previously unknown synthetic disconnects are now realized. In the recent years, diazo 15 compounds, which are commonly used as carbene precursors, have emerged as a new type of cross-coupling partner in transition-metal-catalyzed reactions. 2 In particular, with copper catalysts, diazo compounds or N-tosylhydrazones can be coupled with terminal alkynes, 3,4 1,3-azoles, 5 N-iminopyridinium ylides, 6 20 and TMSCF 3 . 7 In these transformations, the formation of Cu carbene and its subsequent migratory insertion are proposed as the characteristic steps in the mechanism (Scheme 1). Despite the progress in this field, carbenes bearing electron-donating substituents are difficult to derive from diazo compounds or N-25 tosylhydrazones because of their instability, which restricts the applications of these types of cross-coupling reactions with remarkable wide scopes. 2,2-Dialkoxy-5,5-dimethyl-∆ 3 -1,3,4-oxadiazolines 1 are generally employed as a source of dialkoxycarbenes through thermal decomposition (scheme 2). 8 The chemical and 35 mechanistic aspects of oxadiazolines 1 have been studied extensively by Warkentin and co-workers over the past decades. 9 These compounds are also widely used as dienophiles in DielsAlder type [4 + 1] cycloaddition reactions. 10 However, to the best of our knowledge, the use of oxadiazolines 1 as coupling partners 40 in transition-metal-catalyzed reactions has not been reported. As a continuation of our interest in cross-coupling reactions involving metal-carbenes, 3b,3g,11 we report a copper-catalyzed cross-coupling of oxadiazolines 1 with terminal alkynes, which gave a series of unsymmetrical propargylic acetals in good yields.
45
Scheme 2 Generation of dialkoxycarbene 50
Results and discussion
Initially, oxadiazolines 1a-i were prepared via a three-step operation according to the reported procedure (Scheme 3). 10d Then the reaction of oxadiazoline 1a and 4-ethynyltoluene 2a was carried out in the presence of 10 mol% of CuCl in toluene at 55 
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o C. To our delight, the desired cross-coupling product propargylic acetal 3a was formed in 27% yield (Table 1, entry 1) . After a comprehensive screening, we found that CuI was superior over other copper salts, such as CuCl 2 , CuBr, and CuBr 2 with a high level of efficiency (Table 1 , entries 2-5). It was observed 60 that the use of inorganic bases such as t-BuOK and Cs 2 CO 3 disfavoured the reaction (Table 1, entries 6 and 7) , while a slight increase in the yield was observed when 20% mol of pyridine was used as an additive ( 12 The formal C−H insertion of Nheterocyclic carbene to acetylene was also reported by Arduengo and co-workers. 13 However, the control experiment showed that none of the desired propargylic acetal 3a was detected in the 10 absence of copper catalyst (Table 1, entry 12) , which indicates the direct C-H insertion of carbene into terminal alkyne is less likely for the cross-coupling reaction described in this paper. The reaction of terminal alkynes with ortho esters in the 20 presence of a zinc halide catalyst has become a routine method for the preparation of acetylenic acetals. 14 Other methods involving the use of SnCl 4 , TiCl 4 as the catalysts have also been reported. 15 Although these methods have provided efficient routes for the preparation of symmetrical acetylenic acetals, general 25 methods for the synthesis of unsymmetrical propargylic acetals are rare. 16 With the optimized reaction conditions for coppercatalyzed cross coupling of terminal alkynes with diethyoxylcarbene in hand, we next examined the scope of the reaction by using 4-ethynyltoluene 2a with various 30 unsymmetrical dialkoxycarbenes, which would give a series of unsymmetrical propargylic acetals. As shown in table 2, when one ethyl moiety in oxadiazoline 1a was replaced by a simple phenyl group, the desired acetal 3b was isolated in 63% yield (Table 2, entry 2). Similarly, unsymmetrical propargylic acetals 35 3c and 3d were obtained from corresponding oxadiazolines 1c and 1d in the yields of 67% and 80% respectively (Table 2, entries 3 and 4). A chloroethylated oxadiazoline 1e was also a suitable substrate for the reaction under the optimal condition (Table 2, entry 5). In addition, the acryl group presented in 40 oxadiazoline 1f could be survived, yielded the cross-coupling product 3f in 61% ( furnishing the corresponding products in moderate to good yields. We were delighted to find that 1-ethynylnaphthalene and oxadiazoline 1h coupled smoothly to form the propargylic acetal 5f in 56% yield. A heterocyclic acetylene 3-ethynylthiophene also reacted with oxadiazolines 1d and 1e efficiently, affording 25 the desired products 5l and 5n in good yields. It is worth mentioning that the alkyl terminal alkynes 1-hexyne and cyclopropyl acetylene were suitable substrates for the reaction, generating the corresponding propargylic acetals 5o and 5p with yields of 75% and 71%, respectively. In another case, the 30 coupling of 4-phenyl-1-butyne and oxadiazolines 1e gave the expected propargylic acetal 5m with 50% yield. A plausible mechanism for this copper-catalyzed crosscoupling reaction of terminal alkynes with dialkoxycarbenes was described in scheme 5. First, copper acetylide A is formed from 35 terminal alkyne. Reaction of copper acetylide A with dialkoxycarbene B, which is generated in situ from the thermal decomposition of oxadiazoline 1, leads to the formation of copper carbene species C.
3,4 Migratory insertion of alkynyl group to the carbenic carbon gives intermediate D. In conclusion, 2,2-dialkoxy-5,5-dimethyl-∆ 3 -1,3,4-oxadiazolines, a general source of dialkoxycarbenes, have been successfully employed as the coupling partners in CuI-catalyzed cross-coupling reactions with terminal alkynes. Various unsymmetrical propargylic acetals were obtained in moderate to 5 good yields, which are difficult to synthesize by using previously reported methods. Moreover, this methodology also provides a novel route for the preparation of propargylic benzofuran derivatives via a sequential cyclization/coupling process. Further investigations on the substrate scopes, mechanism and their 10 synthetic applications are currently underway in our laboratory. 2-(2-Ethoxy-5,5-dimethyl-2,5-dihydro-1,3,4-oxadiazol-2 1-(3-(But-3-yn-1-yloxy)-3-ethoxyprop-1-yn-1-yl) 1-(3-(But-3-yn-1-yloxy)-3-ethoxyprop-1-yn-1-yl) Hz, 2H), 3.83-3.78 (m, 1H), 3.74-3.67 (m, 1H), 2.62 (s, 3H), 2.57 (dd, J = 9.2, 4.5 Hz, 2H), 2.04 (s, 1H), 1.31 (t, J = 7.0 Hz, 3H); 13 1-(3-(But-3-yn-1-yloxy)-3-ethoxyprop-1-yn-1-yl) But-3-yn-1-yloxy)-3-ethoxyprop-1-yn-1-yl) 4-(3-(2-Chloroethoxy)-3-ethoxyprop-1-yn-1-yl)-4'-propyl-1,1 
Conclusions
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CDCl 3 ) δ 3.83-3.69 (m, 2H), 3.61-3.57 (m, 2H), 2.07-1.99 (m, 2H), 1.51-1.50 (m, 6H), 1.22 (t, J= 7.2 Hz, 3H);
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